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THE EUV EMISSION-LINE SPECTRUM OF OY CARINAE
IN SUPEROUTBURST: SCATTERING IN THE WIND

Christq]her W. Mauche

Lawrence Livermore National Laboratory Liverrnore, CA

and

.John C. Raymond

Harvz~r{l-Slnitllsorliall Center fbr Astrophysics, Cambridge, MA

RESUMEN

The Extreme Uhwviokt Eqjlorer satellite observed the cataclysmic variable
OY Carinae in superoutburst for 3 days in 19!)7 March. The resulting 80-180 ~
spectrum, which contains broad (FWHM w 2000 km S–l ) emission lines of O V–
VI, Ne V–VI, Mg V–VI, and Fe VI–VIII, is well modeled by scattering of boundary

layer radiation in the system’s accretion disk wind

ABSTRACT

The l+ktrcme Uhwozokt E:Iplomr satellite observed the cataclysmic variable
OY Carinae in supemutburst for 3 days in 1!)97 March. The resulting 80-180 ~
spectrum, which cent ains broad (FWHM N ‘2000 km s-l) emission lines of O V–
VI, Ne V–VI, Mg V–VI, and Fe VI–VIII, is well modeled by scattering of boundary
layer radiation in the system’s accretion disk winci.

Key Wwds: BINARIES: ECLIPSING — NOVAE, CATACLYSMIC
VARIABLES — STARS: INDIVIDUAL (OY CARINAE) —
STARS: WINDS, OUTFLOWS — ULTRAVIOLET: STARS

Cataclysmic variables (CVS) are a diverse class of semidet imhed binaries composed typically of a mass-losing
low-mass main-sequence seconclary, an accreting white dwarf, and a llnninous accretion disk. With a binary
inclination of 83”, OY Carini].e is 01w of only a handfl d of’ CVS in which the secondary eclipses the white dwarf.
Details of OY Car’s two sti~rs, the accretion disk, and the boundi~.ry layer between the accretion disk and the
surface of the white dwarf i),re determined from eclipse observations in the optical, UV, EUV, and X-ray (Wood
et al. 1989; Bmch et al. 19!)6; Honw et al. 1994; iSaylor et al. 1988; Pratt et al. 1999).

One of the ol]tstimding puzzles ill the stllcly of OY Car is the fact that in outburst the EUV flux is not
eclipsed by the secondary (Ni]ylor et id. 198S). The accretion disk wind is t,lle most plausible source of this
extended EI_JV emissi(m, but it is not possible from the EXOSA T data to determine the 7dure of the emission.
pGSSibi]itieS iI’K:lUde thWIT1a] eiIliSSi(fii Xi{] l’fXifiiMi~ SC~~kfiil~ Gf’ huildai’y hiye~ fiUX,

To determine the natlwe of the EIJV emission of’OY Car, we observed the source in superoutburst with the
Eztreme Uh-awioletlkplorm (EUVE) satellite for 3 days in 1997 March. The resulting 8G180 ~ spectrum,
shown in Figure 1, contains Immd (FWHM N 2000 km s– 1) emission lines of O V–VI, Ne V–VI, Mg V–VI, and

Fe VI–VIII. The pattern of emission lines is inconsistent with that of a thermal plasma., but we show below
that it is reasonably well modeled by resonant scattering of boundary layer fll~x.

For the scattering model, we asslune that the b(nmdary layer radiates like a Wmkbody with a temperature
,Tbl = If)o,ooo” K and a llmlinosity &l = 47rR~rc1ffTfi = 4.4 x 1034 erg s– 1 (where RW~ = 7.8 x 108 cm is the

radius appropriate to ii 0.7 JMo white [l~vilrf ); the source is at a distance d = 85 pc; and the intrinsic flux suffers
photoelectric absorption by a column density ~rH = 3 x 1(~1(]err–2. For the scattering optical depth we assume
7A = (ne2/met) nAAij fij (~]i/X,oi) (du/dT”) – 1 where tile wind velocity gradient [lv/dr = 3000 km S–l / 1010 cm;
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Fig-ure 1. Mean EUVE spectrvun of OY Car. The spectmun is shown by the black histogmm, the error by the

grey histogr~rn, the ~~attering mfldel spe~trillll }JYthe thick line. Line identifications are based on the model.

the density n == 1010 cm ‘:3 at a distance r = I() 10 cm; the optical depth is distributed as a Gaussian with

FWHM = 0.9 ~; the ablmdances A are as given by Mle~l (1973); and the wavelength Aij, oscillator strengths

fij, and statistical weights {Ji are ilS given i)y Verrler, Verner, & Ferland (1996). The resldting model shown in

Figure 1 required only modest (factor of two) modifici~tions of the i]bl.lllclt~nces/iollizatic~n fractions to produce
the match to the data.

Given the success of this model, it is natln-al to ask if radiation pressure alone is capable of driving the
inferred mass-loss rtite of l!~Wi*lC{= 47i?”2~~?71.rr~~.~]= 8 x 1016 g’s– 1. It is not: fbr reasonable parameters, the total
radiative force is - 200 times that of’ the O VI A150 line of Lo vi/c = 3 x 1020dynes; the resulting mass-loss

rate is ~fWillci= Ltot<L1/vcN 2 x 1014 g s– 1, MI order of magnitude short of the value required.

C. W. M.’s contribution to this work Wils performed under the auspices of the U.S. Department of Energy

by Lawrence Livermore National Laboratory lmder contract No. W-7405-Eng-48.
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